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METHOD AND APPARATUS FOR DEPLOYING A PERCUTANEOUS PROBE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part of U.S. Application 
No. 09/452,477, filed December 1, 1999 (attorney docket number 33734.8004.US00) and 
5 U.S. Application No. 09/666,931, filed September 21, 2000 (attorney docket number 
33734.8001. USOO), both incorporated herein in their entireties by reference. 

TECHNICAL FIELD 

^ The present invention relates generally to methods and apparatuses for 

,0 attaching, deploying, and detaching percutaneous probes, such as percutaneous electrodes 
^ 10 used for electrical nerve stimulation. 

Q BACKGROUND 

^ Electrical therapy has long been used in medicine to treat pain and other 

rf conditions. For example, transcutaneous electrical nerve stimulation (TENS) systems deliver 
H electrical energy through electrode patches placed on the surface of a patient's skin to treat 
□ 15 pain in tissue beneath and around the location of the patches. One problem with TENS 
systems is that they may not provide patients with adequate pain relief 

More recently, a technique in which electrodes are placed through the patient's 
skin into the target tissue has been proposed. Percutaneous Neuromodulation Therapy 
("PNT", also sometimes called Percutaneous Electrical Nerve Stimulation or "PENS") using 
20 percutaneously placed electrodes achieves significantly better pain relief results than TENS 
treatments using skin surface electrodes. This therapy is described in Ghoname et al., 
"Percutaneous Electrical Nerve Stimulation for Low Back Pain," JAMA 257:818-23 (1999); 
Ghoname et al., "The Effect of Stimulus Frequency on the Analgesic Response to 
Percutaneous Electrical Nerve Stimulation in Patients with Chronic Low Back Pain," Anesth 
25 Analg. 55:841-6 (1999); Ahmed et al,. "Percutaneous Electrical Nerve Stimulation (PENS): 
A Complementary Therapy for the Management of Pain Secondary to Bony Metastasis," 
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ClinicalJournal of Pain 14:320-3 (1998); and Ahmed et al., "Percutaneous Electrical Nerve 
Stimulation: An Alternative to Antiviral Drugs for Herpes Zoster," Anesth Analg. 57:911-4 
(1998). The contents of these references are incorporated herein by reference. 

One method for applying percutaneous nerve stimulation is to insert 

5 acupuncture needles into the patient's skin and attach the needles to waveform generators via 
cables and alligator clips to deliver a percutaneous electrical current. One drawback with 
this method is that the electrical connections to the needle may not be sufficiently secure and 
reliable. Another drawback with this method is that it may be difficult to accurately position 
the needles. Yet another drawback with acupuncture needles is that such needles may fail to 

10 provide adequate assurance to the practitioner and the patient that the needles have not been 
previously used. Accordingly, patients treated with such acupuncture needles may be at risk 
for exposure to pathogens transmitted by re-used needles. 

SUMMARY 

The present invention is directed to apparatuses and methods for attaching, 

15 detaching and deploying percutaneous probes. An apparatus in accordance with one aspect 
of the invention includes a housing supporting a percutaneous electrode in position to 
penetrate a skin surface of a recipient. The apparatus can further include a releasable 
attachment member having a first portion connected to the housing and a second portion with 
an attachment surface facing away from the housing to engage the recipient's skin surface. 

20 The second portion can be coupled to the first portion with a releasable bond, and a strength 
of the releasable bond can be less than the tear strength of the first portion and less than a 
tear strength of the second portion. For example, the releasable bond can include a plurality 
of connecting portions arranged along a line between the first and second portions, with the 
connecting portions separated by interstitial spaces. 

25 In a further aspect of the invention, the support housing can include an 

engaging surface positioned to engage the skin surface of the recipient. The percutaneous 
electrode can be movable relative to the support housing in an axial direction toward and 
away from the engaging surface between a first position and a second position. The 
apparatus can further include a stop member coupled to the housing and movable relative to 

30 the housing between a non-restricting position and a restricting position. The stop member 
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can be operatively decoupled from the percutaneous electrode when in the non-restricting 
position to allow axial motion of the electrode between the first and second positions. The 
stop member can be positioned to at least restrict motion of the percutaneous electrode away 
from the second position when the stop member is in the restricting position. 

The invention is also directed toward a method for single-use application of a 
percutaneous electrode. In one aspect of the invention, the method can include positioning a 
housing proximate to a skin surface, coupling an attachment portion of the housing to the 
skin surface, deploying a percutaneous electrode by moving the electrode relative to the 
housing and through the skin surface of the recipient, and retracting the electrode from the 
skin surface and into the housing. The method can further include detaching the housing 
from the skin surface and at least substantially reducing an ability of the attachment portion 
to reattach to the same or different recipient. 

The invention is also directed toward a method for re-using a percutaneous 
electrode configured for one-time use. The method can include positioning a housing 
proximate to a skin surface of a recipient, coupling an attachment portion of the housing to 
the skin surface of the recipient, deploying a percutaneous electrode by moving the electrode 
relative the housing and through the skin surface of the recipient, and retracting the electrode 
from the skin surface and into the housing. The method can further include detaching the 
housing from the skin surface and at least substantially reducing an ability of the attachment 
portion to reattach to the same or a different recipient, and then reattaching the attachment 
portion to a skin surface of the same or a different recipient. In another aspect of the 
invention, the method can include at least substantially reducing an ability of the 
percutaneous electrode to deploy in the skin surface of the same or a different recipient, and 
then redeploying the percutaneous electrode in the skin surface of the same or a different 
recipient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded isometric view of a portion of a probe applicator in 
accordance with an embodiment of the invention. 

Figure 2 is an exploded isometric view of an actuator that operates with the 
applicator shown in Figure 1 in accordance with an embodiment of the invention. 
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Figure 3 is a partially schematic, cut-away side elevational view of the actuator 
shown in Figure 2 coupled to the applicator shoAvn in Figure 1 and a power source in 
accordance with an embodiment of the invention. 

Figure 4 is a top isometric view of a base of an applicator in accordance with 
5 an embodiment of the invention. 

Figure 5 is a bottom isometric view of an applicator sleeve in accordance with 
an embodiment of the invention. 

Figure 6 is an exploded side isometric view of a slider, an assembly tool, and 
an actuator positioned adjacent to an applicator base in accordance with an embodiment of 
10 the invention. 

Figure 7 is an isometric view of a portion of an attachment member for a probe 
applicator in accordance with an embodiment of the invention. 

Figure 8A is a cross-sectional side elevational view of a portion of an 
attachment member in accordance with another embodiment of the invention. 
15 Figure 8B is a cross-sectional side elevational view of a portion of an 

attachment member in accordance with still another embodiment of the invention. 

Figwe 8C is a cross-sectional side elevational view of a portion of an 
attachment member in accordance with yet another embodiment of the invention. 

Figure 9 is a top isometric view of an applicator having an attachment member 
20 in accordance with another embodiment of the invention. 

Figure 10 is a top isometric view of the applicator shown in Figure 9 grasped 
by a practitioner in accordance with an embodiment of the invention. 

Figure 11 is an isometric view of an applicator being detached from a skin 
surface in accordance with an embodiment of the invention. 
25 Figure 12 is a partially schematic, partially exploded isometric view of an 

applicator assembly in accordance with another embodiment to the invention. 

Figure 13 is a partially schematic, isometric view of an applicator in 
accordance with yet another embodiment to the invention. 

Figure 14A is an isometric view of an applicator having a stop member in 
30 accordance with an embodiment of the invention. 

Figure 14B is a cross-sectional side elevational view of the applicator shown in 

Figure 14 A. 
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Figure 15 A is an isometric view of a practitioner moving the stop member of 
an applicator in accordance with an embodiment of the invention. 

Figure 15B is a cross-sectional side elevational view of the applicator shown in 

Figure 15 A. 

5 In the drawings, identical references identify identical or substantially similar 

elements. To readily identify the discussion of any particular element, the most significant 
digit or digits in a reference number refer to the Figure mmiber in which that element is first 
introduced (e.g., element 304 is first introduced and discussed in Figure 3 and element 1002 
is first introduced and discussed in Figure 10). 

10 DETAILED DESCRIPTION 

Many specific details of certain embodiments of the invention are set forth in 
the following description and in Figures 1-15B to provide a thorough understanding of these 
embodiments. One skilled in the art, however, will understand that the present invention 
may have additional embodiments, or that the invention may be practiced without several of 

15 the details described below. Additionally, the following pending U.S. Patent Applications 
are incorporated herein in their entirety by reference: 09/452,663; 09/452,508; 09/451,795; 
09/451,799; 09/452,510; 09/451,800; 09/451,796; 09/451,547; 09/667,183 (attomey docket 
number 33734. 8002US00); and 29/130,210 (attomey docket number 33734.8001.US01). 

The present invention describes methods and apparatuses for attaching, 

20 deploying, and detaching probes, such as electrical therapy electrodes that deliver electrical 
current to a region of a patient's tissue by piercing the skin covering the tissue. The 
electrical current is generated by a control unit extemal to the patient and typically has 
particular waveform characteristics, such as fi^equency, amplitude and pulse width. 
Depending on the treatment or therapy being delivered, tliere may be one electrode 

25 containing both a cathode and an anode or a plurality of electrodes with at least one serving 
as a cathode and at least one serving as an anode. 

Figures 1-6 and the associated discussion refer generally to an applicator in 
accordance with an embodiment of the invention. Figures 7-13 and the associated discussion 
refer generally to methods and devices for attaching and detaching an applicator in 

30 accordance with embodiments of the invention. Figures 14A-15B and the associated 
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discussion refer generally to methods and apparatuses for preventing reinsertion of 
previously inserted percutaneous probes. 

Figure 1 is an exploded top isometric view of probe applicator 100 that 
includes a housing 102 in accordance with an embodiment of the invention. The housing 
5 102 can include a base 104 that rests on the patient's skin, an attachment member 106 (such 
as an adhesive pad) to attach the base 104 to the skin, and a sleeve 108 received in the base 
104. The base 104 can include a skin engaging surface and a casing. For example, the skin 
engaging surface can be an annular lip 105 and the casing can be a tube 107 projecting from 
the lip 105 at a desired angle. A slider 110 fits in the sleeve 108 and supports a probe 112 

10 for movement relative to the base 104. The probe 112 can include an electrode, a diagnostic 
probe, a drug delivery needle, a liquid extraction needle, or another transcutaneous or 
percutaneous device. 

In operation, the slider 110 can slide downwaidly and upwardly within the 
sleeve 108 to insert and retract the probe 112. The slider 110 and the sleeve 108 can rotate 

15 as a unit to selected positions relative to the base 104. In one aspect of this embodiment, the 
slider 110, the sleeve 108, and the base 104 are all coaxial with a central axis 114 of the 
housing 102, and the probe 112 is offset or eccentric relative to the central axis 114. 
Accordingly, when the slider 110 and the sleeve 108 are rotated together as a unit relative to 
the base 104, the probe 112 orbits about the central axis 1 14 to a new position relative to the 

20 patient's skin surface. In an alternate embodiment, the slider 1 10 and the sleeve 108 need 
not rotate relative to the housing 102, and the probe 1 12 can move axially along the central 
axis 114. In a further alternate embodiment, the sleeve 108 can be eliminated and the 
housing 102 alone can guide the slider 1 10. 

Figure 2 is an exploded top isometric view of an actuator 200 that engages the 

25 slider 110 (Figure 1) and moves the slider 110 and the probe 112 (Figure 1) in accordance 
with an embodiment of the invention. In one aspect of this embodiment, the actuator 200 can 
include a plunger 202 that releasably engages the slider 110 and translates the slider 110 
axially within the sleeve 108 (Figure 1). The actuator 200 can further include a contact plate 
204 supported by a contact support 206 and biased against the probe 1 12 by a spring 210. A 

30 wire (not shown in Figure 2) is connected to the contact 204 and passes through a gronmiet 
208 and a cap 212 for coupling the contact 204 to a source of electrical power. 
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Figure 3 is a cut-away side isometric view of the apparatus 100 described 
above with reference to Figures 1 and 2 positioned on the surface of a patient's or recipient's 
skin 300 in accordance with an embodiment of the invention. In one aspect of this 
embodiment, the base 104 has a flat lower surface and is releasably attached to the skin 300 

5 with the attachment member 106. The base 104 is accordingly stably moimted to the skin 
300, and the lip 105 of the base 104 is configured to direct the probe 1 12 at a right angle into 
the skin 300. The lip 105 of the base 104 can altematively be configured to direct the probe 
112 at another angle into the skin 300 in accordance with another embodiment of the 
invention. A probe tube 302 protrudes downwardly beneath the base 104 and includes a tube 

10 channel 304 through which the probe 1 12 passes. Accordingly, the probe tube 302 depresses 
and stretches the skin 300 beneath the base 104, while allowing the skin 300 to bulge 
upwardly slightly within the tube channel 304. As a result, the patient may be less aware of 
and/or less alarmed by the passage of the probe 1 12 into the skin 300. 

The probe 112 is inserted into the skin 300 by grasping the cap 212 of the 

15 actuator 200 and depressing the plunger 202 until the slider 110 contacts the top of the probe 
tube 302. If the probe 112 is to be repositioned in the skin 300, the plunger 202 is raised 
until the slider 1 10 is aligned with a sleeve rim 306 of the sleeve 108, as shown in Figure 3. 
The practitioner then grasps the sleeve rim 306 and rotates the sleeve 108, the slider 110 and 
the plunger 202 about the central axis 114 within the base 104 to a new position relative to 

20 the skin surface 300. As the slider 110 rotates about the axis 114, the eccentric probe 112 
and the probe tube 302 orbit about the axis 1 14 to the new position. Once the sleeve 108 is 
in the new position, the practitioner depresses the plunger 202 to reinsert the probe 1 12 in the 
new position. 

When the probe 112 includes an electrode for percutaneous electrical nerve 
25 stimulation, the practitioner then couples an electrical lead 308 between the probe 112 and a 
control unit 310 that supplies electrical power to the probe 112. In one embodiment, the 
control unit 310 supplies a current-regulated and current-balanced waveform with an 
amplitude of up to 20 milliamps, a frequency of from approximately 4 Hz to approximately 5 
Hz, and a pulse width of from approximately 50 microseconds to approximately 1 
30 millisecond. In other embodiments, the control unit 310 can supply other waveforms having 
other characteristics. In still further embodiments, the control unit 310 can control the 
voltage applied to the probe 1 12 in addition to or in lieu of controlling the current. 
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In one embodiment, the housing 102 remains in place on the patient's skin 300 
throughout the treatment, which can last 30 minutes in one aspect of this embodiment. When 
the treatment is complete, the housing 102 may be removed by first retracting the probe 1 12 
from the skin 300, following the steps described above in reverse order. The housing 102 

5 can then be lifted from the skin 300 after releasing the attachment member 106 from the skin 
300. In one aspect of this embodiment, the attachment member 106 can include a non- 
adhesive tab portion 312 and a perforated slit 314 to facilitate removing the attachment 
member 106. A new housing 102 can be attached to the patient for each subsequent 
treatment. Alternatively, the housing 102 can remain attached to the patient for more than 

10 one treatment session. 

Figure 4 is a top isometric view of an embodiment of the base 104 shown in 
Figures 1 and 3. Figure 5 is a bottom isometric view of an embodiment of the sleeve 108 
shown in Figures 2 and 3. Referring now to Figures 4 and 5, the base 104 can include a 
hollow receiving cylinder 402 sized to rotatably receive the sleeve 108. The receiving 

15 cylinder 402 can have an inner surface 404 with a plurality of axial base chaimels 406 
defined by channel walls 407 and sized to receive corresponding sleeve locator tabs 502 of 
the sleeve 108. In one aspect of this embodiment, the sleeve 108 can include two oppositely 
facing sleeve locator tabs 502 (one of which is visible in Figure 5) and the base 104 can 
include two pairs of oppositely facing axial channels 406. In other embodiments, the sleeve 

20 1 08 can have a different number of sleeve locator tabs 502, and/or the base 104 can have a 
different number of axial base channels 406. In either embodiment, the practitioner can 
rotate the sleeve 108 relative to the base 104 by grasping finger grips 504 disposed around 
the sleeve rim 306 and twisting the sleeve 108 clockwise or counterclockwise to force the 
sleeve locator tabs 502 out of one pair of axial base channels 406 and into the next pair of 

25 axial base channels 406. 

In one aspect of an embodiment shown in Figures 4 and 5, the practitioner is at 
least restricted from (or prevented from) moving the sleeve 108 axially relative to the base 
104 by a retaining lip 408 in the base 104 that projects radially inwardly from the inner 
surface 404 and is received in a corresponding retaining groove 506 in the sleeve 108. The 

30 retaining lip 408 can have a downwardly tapered side surface that snaps into the retaining 
groove 506 when the sleeve 108 is initially inserted into the base 104 during installation. 
The retaining lip 408 can also have a downwardly facing step surface that engages a 
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corresponding upwardly facing surface of the retaining groove 506 to prevent further axial 
movement of the sleeve 108 relative to the base 104, while allowing rotational movement of 
the sleeve 108 relative to the base 104 (as is also shown in Figure 3). 

In one embodiment, the sleeve 108 has two sleeve axial guide channels 508 

5 that align with a corresponding pair of the axial base channels 406 in the base 104 when the 
sleeve tabs 502 are positioned in the other pair of axial base channels 406. Each sleeve axial 
guide channel 508 includes a lower portion 510 that is coextensive with one of the axial base 
charmels 406 and an upper portion 512 in the rim 306 above the axial base channels 406. 
This arrangement can prevent the practitioner from simultaneously moving the probe 112 

10 (Figure 3) axially and transversely relative to the patient's skin 300 (Figure 3). As described 
below with reference to Figure 6, this arrangement can also prevent the practitioner from 
moving the probe 112 transversely relative to the skin 300 until the probe 112 is fiiUy 
retracted from the skin 300. 

Figure 6 is a top isometric view of the slider 110 positioned above the sleeve 

15 108, which has been inserted into the base 104 of the applicator 100 in accordance with an 
embodiment of the invention. In one aspect of this embodiment, the slider 110 is installed in 
the housing 102 during assembly by operating an assembly tool 600. Once installed, the 
slider 110 can be moved relative to the housing 102 by the practitioner, who can engage the 
slider 110 with the actuator 200. The operations of the assembly tool 600 and the actuator 

20 200 are described in tum below. 

In one embodiment, the assembly tool 600 includes a thin-walled cylinder 602 
that is removably received in a corresponding circular groove 604 in the slider 110. The 
assembly tool 600 can also include two assembly pegs 606 (one of which is visible in 
Figure 6) that are received in corresponding peg channels 608 of the slider 110. Each peg 

25 channel 608 can include an axial portion 610 and a transverse portion 612. The transverse 
portion 612 can have a curved upper surface 614 shaped to receive the assembly peg 606. 
To engage the assembly tool 600 with the slider 110, the installer aligns the assembly pegs 
606 of the assembly tool 600 with the axial portions 610 of the peg channels 608. The 
installer then lowers the assembly tool 600 into the circular groove 604 of the slider 1 10. 

30 When the assembly pegs 606 reach the bottom of the axial portions 610 of the peg channels 
608, the installer rotates the assembly tool 600 clockwise imtil the assembly pegs 606 reach 
the clockwise ends of the transverse portions 612 of the peg channels 608. The installer can 
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then release downward pressure on the assembly tool 600 to allow the spring 210 (Figure 3) 
to bias the assembly pegs 606 upwardly against the upper surface 614 of the peg channels 
608 and retain the slider 110 in engagement with the tool 600. In one aspect of this 
embodiment, each assembly peg 606 is flush with or recessed from an outer surface 620 of 
5 the slider 1 10 so as not to interfere with the motion of the slider 1 10 into the sleeve 108, as 
described below. 

In one embodiment, the slider 110 includes two guide members 618 (one of 
which is visible in Figure 6). The rim 306 of the sleeve 108 has a flat, transverse lip 615 
with oppositely facing apertures 616 (one of which is visible in Figure 6), each sized to 

10 receive one of the guide members 618. In one aspect of this embodiment, one guide member 
618 can be larger than the other, and one aperture 616 can be larger than the other so that the 
slider 1 10 can be inserted into the sleeve 108 in only one orientation. Accordingly, the probe 
112 will automatically align with the probe tube 302 (Figure 3). Altematively, both guide 
members 618 can have approximately the same size. In either embodiment, the assembly 

15 tool 600 and the slider 1 10 are both lowered as a unit toward the housing 102 until the guide 
members 618 are received in the apertures 616 of the rim 306. 

The rim 306 of the sleeve 108 can have transverse guide channels 622 that 
extend between each of the apertures 616 and a corresponding upper portion 512 of one of 
the sleeve axial guide channels 508. Each transverse guide channel 622 is defined in part by 

20 a channel floor 624 and includes a rotational stop 626 to restrict counterclockwise rotation of 
the slider 110. The transverse guide channel 622 can further include a sleeve rotational 
restriction 627 that extends axially downwardly from the lip 306 into the transverse guide 
channel 622 to restrict rotational motion of the slider 110. A sleeve axial restriction 628 is 
offset axially downwardly from the rim 615 and can extend radially inwardly to engage the 

25 guide members 618 and restrict axial motion of the slider 110. Accordingly, the sleeve 
rotational restriction 627 cooperates with a slider rotational restriction 630 of the slider 110, 
and the sleeve axial restriction 628 cooperates with a slider axial restriction 632 of the slider 
1 10, as described in greater detail below. 

When the slider 110 and the assembly tool 600 are lowered into the apertures 

30 616, the assembly pegs 606 are received in the transverse guide channels 622 of the sleeve 
rim 306, with one of the assembly pegs 606 at position "A" (indicated by dashed lines in 
Figure 6). The guide members 618 are also positioned in the transverse guide channel 622 
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adjacent to the assembly pegs 606. When the installer rotates the assembly tool 600 
clockwise, the slider rotational restriction 630 passes over an inclined ramp surface 634 of 
the rotational stop 626 and then snaps into place against the sleeve rotational restriction 628. 
The assembly pegs 606 are now at position "B," and the axial portions 610 of the peg 
5 channels 608 in the slider 1 10 are aligned with the apertures 616. Because a rear surface 636 
of the rotational stop 626 is flat and directly faces the slider rotational restriction 630, the 
slider 1 10 is prevented from rotating counterclockwise past the rotational stop 626. At this 
point, the slider rotational restriction 630 engages the sleeve rotational restriction 626 and the 
slider axial restriction 632 rides along the upper surface of the sleeve axial restriction 628 

10 just beneath the rim 615. The slider 110 is now installed in the housing 102 and the 
assembly tool 600 is removed by depressing the tool 600 slightly to disengage the assembly 
pegs 606 from the upper surfaces 614 of the peg channels 608. The installer then rotates the 
assembly tool 600 counterclockwise until the assembly pegs 606 are aligned with the axial 
portions 610 of the peg channels 608 at position "A", and lifts the assembly tool 600 clear of 

15 the slider 110 and the housing 102. In one aspect of this embodiment, the housing 102 with 
the slider 110 installed can now be provided to an end user or practitioner along with a 
separate actuator 200. 

To operate the probe applicator 100, the practitioner attaches the applicator 100 
to the patient's skin 300, as described above with reference to Figure 3. The practitioner 

20 then engages the actuator 200 shown in Figure 6 with the slider 1 10 by aligning actuator pegs 
640 with the apertures 616 in the rim 306 of the housing 102, and lowering the actuator pegs 
640 into the apertures 616. The practitioner rotates the actuator 200 until the actuator pegs 
640 engage the slider 110. At this point, one of the actuator pegs 640 is located at 
position "B" in the transverse guide channel 622. The practitioner then continues to rotate 

25 the actuator 200 clockwise, forcing each guide member 618 past the corresponding sleeve 
rotational restriction 627 until the one actuator peg 640 is at position "C." At this point, the 
guide members 618 and the actuator pegs 640 are aligned with the upper portion 512 of the 
sleeve axial guide channel 508 and the base axial channel 406. When the slider rotational 
restriction 630 of guide member 618 "clicks" past the sleeve rotational restriction 627, the 

30 practitioner receives mechanical and/or audio feedback indicating that the slider 110 has the 
proper rotational position for inserting the probe 1 12 into the patient. 
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To insert the probe 112 into the patient, the practitioner exerts a downward 
force on the actuator 200, forcing the slider axial restrictions 632 over the sleeve axial 
restrictions 628 until the slider axial restriction 632 "clicks" over the sleeve axial restriction 
628, giving the practitioner additional mechanical feedback indicating that the slider 110 is 

5 correctly positioned for continued insertion. The practitioner then depresses the actuator 
200, forcing the slider 110 downwardly through the sleeve 108 with less mechanical 
resistance than was required to snap the slider axial restrictions 632 over the sleeve axial 
restrictions 628. The downward movement of the slider 110 through the sleeve 108 moves 
the probe 1 12 downwardly through the probe tube 302. In one aspect of this embodiment, 

10 the weight of the slider 110 is sufficient to cause it to descend freely downwardly, and the 
only force exerted by the practitioner is the force necessary to insert the probe 1 12 into the 
patient. As the slider 110 moves downwardly, the sleeve axial guide chaimels 508 guide the 
guide members 618 along an axial path, and the base axial channels 406 receive and guide 
the actuator pegs 640 along a parallel axial path. 

15 If the probe 1 12 is to be repositioned, the practitioner moves the actuator 200 

and the slider 110 upwardly, with the sleeve axial guide channels 508 guiding the guide 
members 618 and the base axial chaimels 406 guiding the actuator pegs 640 to ensure that 
the motion of the probe 1 12 is moved only in the axial direction. If the practitioner attempts 
to rotate the rim 306 before the slider 110 has been fully retracted so that the slider axial 

20 restrictions 632 snap into position above the sleeve axial restrictions 628, the actuator pegs 
640 will bear against the channel walls 407 (Figure 4) of the base axial channel 406, 
preventing such rotation. The practitioner continues to raise the actuator 200 and the slider 
110 until the slider axial restrictions 632 snap back over the sleeve axial restrictions 628 to 
ensure that the one actuator peg 640 is located in the transverse guide channel 622 at position 

25 "C." At this point, the probe 1 12 has been completely retracted from the skin 300 (Figure 3) 
and the sleeve axial restrictions 628 can keep the slider 1 10 and the probe 1 12 from sliding 
downwardly until the practitioner is ready to re-insert the probe 1 12. The practitioner then 
rotates the slider 110, the probe 112, the actuator 200 and the sleeve 108 as a unit by 
grasping the rim 306 of the sleeve 108 and rotating the rim 306 relative to the base 104, as 

30 described above with reference to Figure 3. Once the probe 112 has been rotated to the new 
position, the practitioner re-inserts the probe 112. Accordingly, the sleeve axial channels 
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508, the base axial channels 406, and the transverse channels 622 of the rim 306 sequentially 
guide the probe 1 12 axially and transversely relative to the skin 300. 

One feature of an embodiment of the probe applicator 100 described above 
with reference to Figures 1-6 is that the arrangement of the housing 102, the slider 110 and 

5 the actuator 200 allows the practitioner to re-position the probe 112 transversely relative to 
the patient's skin (by orbiting the probe 112 about the central axis 114), and allows the 
practitioner from moving the probe 112 axially (for probe insertion and retraction), but 
prevents the practitioner from moving the probe 112 transversely until the probe 112 is 
completely removed from the patient. An advantage of this feature is that the practitioner 

10 will be less likely to harm the patient by moving the probe 112 transversely while the probe 
1 12 is still inserted in the patient. 

Another advantage of an embodiment of the applicator 100 described above 
with reference to Figures 1-6 is that the practitioner can reposition the probe 112 relative to 
the patient's skin 300 without disengaging the entire housing 102 from the patient. For 

15 example, when the probe 112 is an electrical stimulation needle, the practitioner can fasten 
the housing 102 to the skin 300 above the general location of the nerve region that is to 
receive electrical stimulation and then fine-tune the location by rotating the probe 112 
relative to the housing 102 while the housing 102 remains attached to the patient's skin 300. 
In one embodiment, the probe 1 12 can be offset from the central axis 1 14 by a distance of 

20 0.090 inches, and can be positioned in one of four preselected positions, with each 
preselected position being approximately 0.127 inches from an adjacent position. In other 
embodiments, the probe 112 can be moved to more or fewer preselected positions, and the 
preselected positions can be separated by greater or lesser distances. 

Figure 7 is an isometric view of a portion of an attachment member 106 

25 generally similar to that described above with reference to Figures 1 and 3 in accordance 
with an embodiment of the invention. In one aspect of this embodiment, the attachment 
member 106 can include a compressible foam body having a first portion 702 connected to a 
second portion 704 with a releasable bond 707. The releasable bond 707 can be aligned with 
a tear line 712 that allows the practitioner to tear at least a part of the second portion 704 

30 away from the first portion 702 after the application 100 (Figure 1) has been used. 

In one aspect of this embodiment, the attachment member 106 can include a 
downwardly facing adhesive surface 714 that extends over both the first portion 702 and the 
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second portion 704. For example, the attachment member 106 can include a polyethylene 
foam with an acrylic sheet adhesive, available from Scapa Medical of Inglewood, California. 
Accordingly, the first portion 702 can be adhesively bonded to the annular lip 105 (Figure 1) 
of the housing 102 (Figure 1) by engaging the downwardly facing adhesive surface 714 of 
5 the first portion 702 with an upwardly facing surface of the lip 105. In other embodiments, 
the first portion 702 can be attached to the lip 105 with other devices. In any of the 
foregoing embodiments, the adhesive surface 714 of the second portion 704 can be 
adhesively bonded to the patient's skin. In one aspect of this embodiment, a cover 705 (such 
as a coated paper sheet) can be initially adhered to the adhesive surface 714 of the second 
10 portion 704, and can be removed prior to engaging the adhesive surface 714 with the 
patient's skin. 

In one embodiment, the releasable bond 707 can include a perforated slit 314 
having connecting portions 708 that connect the first portion 702 to the second portion 704, 
-fl with interstitial spaces 710 between the connecting portions 708. For example, the first 
01 15 portion 702 can be formed integrally with the second portion 704, and the interstitial spaces 
5 710 can be formed by piercing the attachment member 106 at spaced-apart locations along 
=P the tear line 712. Alternatively, the first portion 702 can be initially separate from the second 
□ portion 704 and can be connected with connecting portions 708 formed, for example, by 
2 drops of liquid cement. In other embodiments, the construction of the releasable bond 707 
^20 can have other arrangements, such as those described below with reference to Figures 8A- 
8C. In any of these embodiments, the attachment member 106 will tend to preferentially 
separate at the releasable bond 707 and along the tear line 712 because the tear strength of 
the releasable bond 707 is less than the tear sfrength of both the first portion 702 and the 
second portion 704. 

25 Figure 8A is a cross-sectional side elevational view of a portion of an 

attachment member 806a in accordance with another embodiment of the invention. In one 
aspect of this embodiment, the attachment member 806a can include a first portion 802a and 
a second portion 804a generally similar in shape to the first portion 702 and the second 
portion 704, respectively, described above with reference to Figure 7. The attachment 

30 member 806a can further include a releasable bond 807a between the first portion 802a and 
the second portion 804a. In one aspect of this embodiment, the first and second portions 
802a, 804a can have a material thickness Ti that is greater than a thickness T2 of the 
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releasable bond 807a. Accordingly, when opposing forces are applied to the first portion 
802a and the second portion 804a, the attachment member 806a will tend to separate at the 
releasable bond 807a. 

Figure 8B is a cross-sectional side elevational view of a portion of an 

5 attachment member 806b in accordance with yet another embodiment of the invention. In 
one aspect of this embodiment, the attachment member 806b can include a first portion 802b 
and a second portion 804b connected with a releasable bond 807b. The first and second 
portions 802b and 804b can each include a plurality of stacked layers 809. In the region of 
the releasable bond 807b, one or more of the layers 809 can be eliminated, leaving gaps 810 

10 between adjacent layers 809. Accordingly, the releasable bond 807b will be weaker than 
both the first portion 802b and the second portion 804b, and will tend to tear when the 
practitioner applies opposing forces to the first and second portions 802b, 804b. 

Figure 8C is a cross-sectional side elevational view of a portion of an 
attachment member 806c having a first portion 802c coupled to a second portion 804c with a 

15 releasable bond 807c in accordance with another embodiment of the invention. In one aspect 
of this embodiment, the material forming the releasable bond 807c can have about the same 
thickness as the material forming both the first portion 802c and the second portion 804c, but 
can have a lower tear strength than either the first portion 802c or the second portion 804c. 
Accordingly, at least part of the second portion 804c will tend to separate fi"om the first 

20 portion 802c at the releasable bond 807c when opposing forces are applied to the first and 
second portions 802c, 804c. 

Figures 9-11 schematically illustrate steps for removing an applicator 900 in 
accordance with an embodiment of the invention. Referring first to Figure 9, the applicator 
900 can include a housing 102 generally similar to that described above with reference to 

25 Figures 1-6. An attachment member 906 having an inner portion 902 attached to the housing 
102 and an outer portion 904 attached to a patient's skin surface 930 releasably connects the 
applicator 900 to the patient. For example, the attachment member 906 can have an adhesive 
lower surface 914 engaged with the patient's skin surface 930. In one aspect of this 
embodiment, the second portion 904 can include an upwardly projecting tab 916 that can be 

30 conveniently grasped by the practitioner. Altematively, the second portion 904 can include a 
tab that is generally coplanar with the patient's skin 930, as shown in Figures 1 and 3. In 
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either embodiment, the attachment member 906 can include a releasable bond 907 that tends 
to separate along a tear line 912. 

As shown in Figure 10, a practitioner 1000 can grasp the tab 916 between a 
thumb 1002 and a forefinger 1004 and pull upwardly on the tab 916. The second portion 
904 of the attachment member 906 will tend to separate from the first portion 902 along the 
tear line 912, As the second portion 904 separates fi-om the first portion 902, it also breaks 
the adhesive bond between the adhesive lower surface 914 and the patient's skin 930, 
allowing the applicator 900 to be removed from the patient. Figure 1 1 illustrates the 
applicator 900 after it has been released fi-om the patient's skin 930, with the second portion 
904 at least partially separated fi*om the first portion 902. 

One feature of the embodiments of the applicator described above with 
reference to Figures 1-11 is that the second portion of the attachment member can at least 
partially separate or tear away from the first portion as the applicator is removed fi-om the 
patient's skin. One advantage of this feature is that the tom attachment member clearly 
indicates that the applicator has previously been attached to a patient, and can accordingly 
signal the practitioner not to re-use the applicator. Therefore, the practitioner may be less 
likely to spread pathogens transmitted by re-used percutaneous probes. 

Another advantage of this arrangement is that tlie tom attachment member can 
make it difficult for the practitioner to reattach the applicator to the same or another 
recipient. For example, referring now to Figure 11, it may be difficult to stably support the 
applicator 900 on the patient's skin with the attachment member 906 alone because a 
substantial part of the second portion 904 of the attachment member 906 is severed fi'om the 
first portion 902. Accordingly, the severed part of the second portion 904 provides no 
support for the applicator 900, even if the severed part has enough remaining adhesive 
strength to reattach to the patient. Furthermore, the adhesive strength of the second portion 
904 can be duninished after one use because (a) a portion of the adhesive remains on the 
patient's skin 300, and/or (b) the adhesive remaining on the second portion 904 may be less 
tacky because it has picked up material (such as dead skin cells) from the patient's skin. 

Nevertheless, it may be possible for a practitioner to reattach the applicator 900 
to the same or another recipient (after the applicator 900 has been detached) despite the clear 
indication presented by the applicator 900 that it has already been used, and despite the 
difficulty associated with reattaching the used applicator 900. For example, the practitioner 
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can apply a separate adhesive (such as a fihn adhesive or a liquid adhesive) between the torn 
part of the second portion 704 and either the first portion 702 or the housing 102. The 
practitioner can then re-adhere the adhesive lower siuface 914 of the second portion 904 to a 
skin surface. Accordingly, the practitioner can re-establish a stable coimection between the 
5 applicator 900 and the same or another patient. In other embodiments, the practitioner may 
reattach the applicator 900 with other methods. 

Figure 12 is a partially schematic, isometric view of an applicator 1200 that is 
releasably attached to a recipient's skin surface 1230 in accordance with another embodiment 
to the invention. In one aspect of this embodiment, the applicator 1200 can include a 

10 housing 1202 having a flange 1205, and an attachment member 1206 that is initially separate 
from the housing 1202. The attachment member 1206 can have an adhesive lower surface 
1208 and an adhesive upper surface 1209. A lower cover 1211 is initially positioned against 
the adhesive lower surface 1208, and an upper cover 1210 is initially positioned against the 
adhesive upper surface 1209. The attachment member 1206 can optionally include a first 

15 portion 1202 joined to a second portion 1204 with a releasable bond 1207, shown in 
phantom lines in Figure 12. 

In operation, a practitioner (not shown) removes the lower cover 121 1 from the 
lower surface 1208 (as indicated by arrow A) and attaches the lower surface 1208 to the skin 
surface 1230. The practitioner can then remove the upper cover 1210 from the upper surface 

20 1209 of the attachment member 1206 (as indicated by arrow B) and attach the flange 1205 of 
the applicator 1200 to the now exposed upper surface 1209. To release the applicator 1200 
from the skin surface 1230, the practitioner can separate the lower surface 1208 of the 
attachment member 1206 from the skin surface 1230 while the attachment member 1206 
remains attached to the flange 1205. Accordingly, the upper surface 1209 of the attachment 

25 member 1206 can have a stronger affinity for the flange 1205 than the lower surface 1208 
has for the skin surface 1230. Alternatively, the practitioner can first remove the flange 1205 
from the upper surface 1209 of the attachment member 1206, and then remove the 
attachment member 1206 from the skin surface 1230. Accordingly, the upper surface 1209 
can have a lesser affinity for the flange 1205 than the lower surface 1208 has for the skin 

30 surface 1230. 

In either of the foregoing embodiments, the attachment member 1206 can have 
a substantially reduced ability to reattach to the same or a different recipient. For example, 
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when the attachment member 1206 includes a perforated releasable bond 1207, the second 
portion 1204 of the attachment member can be at least partially separated from the first 
portion 1202, in a manner generally similar to that described above with reference to 
Figures 7-11. Alternatively, the ability of the adhesive on the lower surface 1208 of the 

5 attachment member 1206 to reattach can be substantially reduced for any of the reasons 
described above with reference to Figures 7-11. 

Figure 13 is a partially schematic, isometric view of an applicator 1300 that is 
releasably connected to a recipient's skin surface 1330 in accordance with another 
embodiment of the invention. In one aspect of this embodiment, the applicator 1300 can 

10 include a housing 1302 having a flange 1305. The practitioner can apply a releasable 
adhesive 1306 to a lower surface of the flange 1305, for example, with an aerosol or pump- 
action spray applicator 1320. The practitioner can then engage the flange 1305 with the skin 
surface 1330. To remove the applicator 1300 from the skin surface 1330, the practitioner can 
dispose a release agent 1325 at or near the bond between the flange 1305 and the skin 

15 surface 1330. For example, the practitioner can deploy a spray of the release agent 1325 
with a spray applicator 1330. In one embodiment, the adhesive 1306 can include a bonding 
agent such as cyanacrylate or cyanacrylic ester, and the release agent 1325 can include 
acetone. In other embodiments, the adhesive 1306 and the release agent 1325 can include 
other chemical compositions. In any of these embodiments, an advantage of chemically 

20 releasing the adhesive bond between the applicator 1300 and the skin surface 1330 is that the 
technique can apply less mechanical force to the recipient's skin 1330, which can be more 
comfortable for recipients who have sensitive skin. 

Figure 14A is an isometric view of an applicator 1400 having a stop member 
1422 that at least restricts motion of a percutaneous probe following an initial use. In one 

25 aspect of this embodiment, the applicator 1400 can include a housing 1402 attached to the 
patient with an adhesive attachment member 1406 (positioned in a generally flat attachment 
plane 1436), generally in accordance with the embodiments discussed above. In one aspect 
of this embodiment, the housing 1402 can include a tube 1407 projecting upwardly from an 
annular lip 1405. The tube 1407 can have an aperture 1420 in which the stop member 1422 

30 is positioned. The stop member 1422 can include a tab portion 1424 configured to be 
engaged by the practitioner's finger 1004, and an engaging portion 1426 configured to at 
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least restrict motion of the percutaneous probe, as described in greater detail below with 
reference to Figures 14B-15B. 

Figure 14B is a partially schematic, cross-sectional side elevational view of the 
appUcator 1400 described above with reference to Figure 14 A. As shown in Figure 14B, the 

5 applicator 1400 can include a slider 1410 having a percutaneous probe 1412. The slider 
1410 is slidable (and, optionally, rotatable) relative to the housing 1402 to deploy and retract 
the percutaneous probe 1412 in a manner generally similar to that described above. In one 
aspect of this embodiment, a lower edge 1430 of the tube aperture 1420 can be downwardly 
inclined and parallel to an upper edge 1428 of the engaging portion 1426. In a further aspect 

10 of this embodiment, an innermost point 1432 of the lower edge 1430 can be positioned 
beneath an uppermost point 1424 of the upper edge 1428. Accordingly, the lower edge 1430 
can lock the upper edge 1428 in a selected position, as described in greater detail below with 
reference to Figures 15A and 15B. 

Referring now to Figure 15 A, the practitioner 1000 can engage the tube 1407 

15 with the thumb 1002 and engage the tab portion 1424 with the forefinger 1004. The 
practitioner can then rotate the tab portion 1424 toward the tube 1407 to fold a portion of the 
annular lip 1405 and the adhesive attachment member 1406 along a fold line 1413. As the 
stop member 1422 rotates inwardly, the engaging portion 1426 moves from a non-restricting 
position (coplanar with the walls of the tube 1407) to a restricting position (inward of the 

20 walls of the tube 1407 and just beneath the slider 1410). Referring now to Figure 15B, the 
slider 1410 and probe 1412 are restricted by the stop member 1422 from moving 
downwardly to a deployed position. The stop member 1422 is at least impeded from moving 
to its non-restricting position because the uppermost point 1434 of the engaging portion 1426 
is now "clicked" to a position inward from and above the innermost point 1432 of the 

25 aperture lower edge 1430. 

One feature of an embodiment of the applicator 1400 described above with 
reference to Figures 14A-15B is that the stop member 1422 can prevent the slider 1410 and 
the probe 1412 from deploying when the stop member 1422 is in its restricting position. 
Another feature is that the stop member 1422 can move from the non-restricting position to 

30 the restricting position as the applicator 1400 is being removed from the skin surface. An 
advantage of these features is that the configuration of the applicator 1400 can alert a 
practitioner who attempts to remove the applicator before withdrawing the probe 1412. For 
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example, if the slider 1410 is in its downward position with the probe 1412 deployed in the 
patient's skin, the slider 1410 will interfere with the inward motion of the engaging portion 
1426, and the practitioner will be unable to "click" the engaging portion 1426 into the 
aperture 1420. 

5 Another advantage of these features is that once the stop member 1422 is 

moved to its restricting position to prevent downward movement of the slider 1410 (as shown 
in Figure 15B), the applicator 1400 cannot be easily re-used. Furthermore, the partially 
folded annular lip 1405 and the inwardly rotated stop member 1422 can provide a visual 
indicator to the practitioner that the applicator 1400 has been used and is not suitable for re- 

10 use. Accordingly, the stop member 1422 can reduce the likelihood for transmitting 
pathogens via re-used applicators and percutaneous probes 1412. 

Still another advantage of the features described above is that the tab portion 
1424 can pull up part of the attachment member 1406 as the practitioner pivots the tab 
portion 1424 into the tube 1407. Accordingly, the tab portion 1424 can initiate the 

15 separation of the attachment member 1406 from the patient's skin and make continued 
removal of the applicator 1400 easier. 

Yet another advantage of the foregoing features is that the practitioner can be 
inhibited from re-attaching the applicator 1400 to another recipient after an initial use. For 
example, as the engaging portion 1426 of the stop member 1422 is moved to its restricting 

20 position, the tab portion 1424 can pull up part of the attachment member 1406 and deflect 
this part of the attachment member from the generally flat attachment plane 1436. The tab 
portion 1424 is restricted from moving this part of the attachment member 1406 back into the 
attachment plane 1436 because the engaging portion 1426 is restricted from rotating 
outwardly by the lower tip 1432 of the aperture 1420. The applicator 1400 will not attach as 

25 readily or as stably to the patient when part of the attachment member 1406 is deflected from 
the attachment plane 1436. 

Nevertheless, it may be possible for a practitioner to re-use the applicator 1400 
despite the clear indication presented by the applicator 1400 that it has already been used, 
and despite the position of the stop member 1422. For example, the practitioner can apply a 

30 downward force to the tab portion 1424 to force the uppermost point 1434 of the stop 
member 1422 outwardly past the innermost point 1432 of the aperture lower edge 1430. In 
other embodiments, the practitioner may circumvent the stop member 1422 in other manners. 
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From the foregoing, it will be appreciated that specific embodiments of the 
invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the invention is not limited except as by the appended claims. 
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